Cardiovascular collapse accounted for approximately one-third of the deaths from acute poliomyelitis in two epidemics. This syndrome occurred early in the disease and only in cases of bulbar involvement. In all cases there was morphologic involvement of the medulla and in 75 per cent of the cases there was a varying degree of myocarditis. There was a much smaller incidence of less severe myocarditis in the cases dying of other causes. It is suggested that the combination of sustained vasoconstriction arising as a result of the medullary lesion and the presence of interstitial myocarditis leads to circulatory failure and pulmonary edema.
ALTHOUGH cardiovascular collapse had previously been noted in patients with acute poliomyelitis,' 2 Baker and his colleagues3' 4first indicated that this lethal symptom complex is a relatively common feature of bulbar poliomyelitis. They examined in detail the medulla of 80 cases dying of poliomyelitis and concluded that this syndrome was due to involvement of the large cells in the ventromedial reticular substance of the medulla.
There are also reports in the literature noting the occurrence of an interstitial myocarditis in poliomyelitis.'-10 Electrocardiographic changes in a variable proportion of patients with acute poliomyelitis have also been reported.6 9 These reports do not record whether the histologic changes described by Baker and his associates4 occurred in their cases. On the other hand, the reports by Baker and his colleagues3' 4deal mainly with the central nervous system findings.
Maloney and Whittenbergerll suggested from their experiments on dogs that a high negative intratank pressure may play an important role in cardiovascular collapse in respirator patients by interfering with the return of blood to the heart, particularly if the circulation is failing.
In view of the uncertain role played by different factors in the etiology of this syndrome, showing clinical evidence of this syndrome, survived (table 2).
All patients with any evidence of bulbar involvement were carefully followed clinically and a running record of blood pressure, pulse, temperature, respirations and state of consciousness was maintained. Cases coming to autopsy weere examined completely in order to determine as accurately as possible the factors leading to the lethal outcome.
CLINICAL SYNDROME The syndrome of cardiovascular collapse is a complication of the early acute phase of bulbar poliomyelitis. All these patients had clinical evidence of pharyngeal involvement. This syndrome was not encountered in any of 640 patients with only spinal paralysis. Sixtyeight of these were respirator cases; there were five deaths and three postmortem examinations in this spinal group.
In the 22 cases shown in table 1, the average time from onset of illness to death was five days and the signs of cardiovascular collapse but at autopsy other causes of death were found and they have been excluded from this series. Table 2 shows six patients who recovered from an attack of hypotension. The duration of the low blood pressure phase was sometimes difficult to assess when the patient had an infusion of noradrenaline. If the blood pressure was maintained when the infusion was temporarily stopped, the drug was discontinued. Such a test is illustrated in figure 1 . Cases 27 and 28 developed this shock syndrome without being in respirators although the former patient developed respiratory insufficiency shortly afterwards. His blood pressure recovered spontaneously. The blood pressure in case 28 was maintained for a day with noradrenaline. When it was discontinued his systolic blood pressure remained between 80 and 90 mm. Hg. He seemed so well and was without the cold, clammy peripheral cyanosis or the apprehension seen in the fatal cases that the drug was discontinued. He made steady improvement; his blood pressure finally came back to normal and at the time of discharge he was left with very little residual paralysis.
The occurrence of hypertension in these patients is of some interest. Six of the fatal cases ( (fig. 3) . Although the majority of the muscle fibers were usually spared, there was often involvement of a few fibers adjacent to the lesion. These fibers were swollen, fragmented, had lost their striations and showed a granular cytoplasm. Some of the fibers showed cloudy vswelling and a tendency to coalesce with adjacent fibers.
Among the other 47 postmortem examinations for poliomyelitis, where the cause of death was asphyxia, gastrointestinal hemorrhage or secondary infection, 12 hearts showed a mild degree of inflammatory reaction and five had septic abscesses in the myocardium as well as in the other organs. Four of the 12 were in cases dying of septicemia and it is difficult to distinguish between a mild septic reaction and a virus inflammation in these cases. In none of these cases was the inflammatory reaction severe or moderately severe as it was in nine of the 14 cases showing myocarditis and who died with the syndrome of cardiovascular collapse. DIscussioN Several mechanisms could be responsible for inducing cardiovascular collapse in polio-H LIA)1'S, SCHAEIERG AN 1) ALCOCK myelitis. From the data presented, some of these can be excluded as primary factors in our cases.
Destructioii of the vasoniotor (eenter was considered responsible by Baker and coworkers.4 Such a lesion should lead to a general absence of sympathetic activity with postural hypotension. Although measurements of blood flow were not made, it was clinically obvious that our patients had intense vasoconstriction of the skin at least. Symptoms were not alleviated by tilting the head down. Histologically, the area of the reticular substance in the nmedulla was involved in all or our cases and no case of this syndrome was found in patients with spinal involvement only. The medullary area was also involved in cases dying of other causes. But death inl such cases occurred at a somewhat longer initerval after the onset of paralysis thain did (cardiov-as(culair collapse.
Myocarditis was more common and also more severe in the cases d(ying of cardiovascular collapse compared with other bulbar cases coming to autopsy. It is difficult to envision a virus myocarditis limited only to cases with bulbar poliomyelitis. Indeed, electrocardiographic evidencee indicates that spinal and nonparalytic cases may also have transient myocardial changes.6' 9 From these considerations and also from the fact that, one-fourth of the cases did not shown myocarditis, it seems unlikely that the heart lesion is the basis for this syndrome although its presence would probably aggravate it.
It has been suggested'3 that all deaths from acute poliomyelitis can be attributed to hypoventilation. It is difficult to categorically deny this on our evidence. We have seen patients, other than those reported here, in terminal shock from airway obstruction. However, the majority of the present patients were not in respiratory distress at the onset of the collapse; nor were there any indications at postmortem examination of airway obstruction or asphyxia from other causes.
Unfortunately, arterial puncture for blood gas analysis was carried out only on two of these patients during the phase of shock. Case 27 ( '14 The undesirable effects on the circulation of prolonged positive pressure breathing are well known.11' 15, 16 However, as only five of our patients were in respirators at the onset of cardiovascular collapse, this is unlikely to be a factor of prime importance in our cases.
Severe hyperthermia may be lethal. Approximately half of the fatal cases had fever with rectal temperatures of 104 F. or over. It is not considered likely that such a mortality rate would result, from comparable body temperatures in other infectious diseases.
Although there is no reason to suspect acute adrenal insufficiency in poliomyelitis, the occurrence of lethal shock made us consider this possibility. The adrenal glands at autopsy in some cases showed a varying degree of histologic change characteristic of stress.'7 18 There was no difference in the appearance of the glands between the cases dying of cardiovascular collapse and the remaining 47 cases autopsied.
The transient hypertension of six of the fatal cases and four of the six surv-iv~ing cases, as well as other cases without cardiovascular collapse, may indicate that severe vasoconstriction may be an important factor leading to heart failure and pulmonary edema.'9 20 Such a postulated mechanism would be greatly enhanced by an already weakened myocardiumii from viral myocarditis. Although we have no direct evidence to support this hypothesis, it is put forward as the suggested mechanism ill our cases as it seems to best fit the clinical and pathologic data. Further investigation along these lines would be very helpful in confirmi-ng or refutning this suggestion.
Oii the basis of this tentative hypothesis about; the mechanism of this syndrome, one would expect that vasoconistrictor diugs would be of no benefit in treatment. Indeed 
